Studies of secondary prevention for cardiovascular disease show low fulfilment of guidelinerecommended targets. This study explored whether nurse-led follow-up could increase adherence to statins over time and reasons for discontinuation. All patients admitted for acute coronary syndrome at Östersund hospital between 2010-2014 were screened for the randomized controlled NAILED-ACS trial. The trial comprises two groups, one with nurse-led annual follow-up and medical titration by telephone to reach set intervention targets and one with usual care. All discontinuations of statins were recorded prospectively for at least 36 months and categorized as avoidable or unavoidable. Kaplan-Meier estimates were conducted for first and permanent discontinuations. Predictors for discontinuation were analysed using multivariate Cox regression, statin type and mean LDL-C at end of follow-up. Female gender was a predictor for discontinuation. Allocation in the intervention group predicted increased risk for a first but decreased risk for permanent discontinuation. A nurse-led telemedical secondary prevention programme in a relatively unselected ACS cohort leads to increased adherence to statins over time, greater percentage on potent treatment and lower LDL-C compared to usual care. An initially increased tendency toward early discontinuation in the intervention group stresses the importance of a longer duration of structured follow-up.
Adherence. Of the remaining 962 patients, 89.5% (n = 435) in the intervention and 85.2% (n = 390) in the control group were adherent to statin treatment after a mean of 3.9 years of follow-up (p < 0.05). A total of 27.8% (n = 135) of patients in the intervention group and 20.8% (n = 99) of patients in the control group discontinued statin treatment at any time during the period (p < 0.05). The percentages of patients on treatment at each scheduled follow-up are presented in Fig. 2 .
Of those who discontinued at any time, the mean number of discontinuations during the study period was 1.31 (SD 0.60) in the intervention group and 1.15 (SD 0.39) in the control group (p < 0.05). In an attempt to further assess the effect of the intervention, we analysed the outcome of those not on statin treatment at discharge (intervention n = 27, control n = 35). Of 27 patients in the intervention group, 92.6% (n = 25) were initiated on statin treatment and 67% (n = 18) persisted on treatment at last follow-up; of 35 patients in the control group, 45.7% (n = 16) initiated treatment and 28.6% (n = 10) persisted, p < 0.001 (Fig. 3) . Reasons for discontinuation. The most prevalent reason for permanent discontinuation in the intervention group was advanced disease including dementia (27.5%, n = 14); in the control group, it was side effects without a compelling relation to treatment (32.4%, n = 22) (Fig. 4) . In both study arms, the most common reasons for a first discontinuation were side effects without a compelling relation to treatment and lack of treatment motivation, p = 0.15 (Fig. 4) .
Kaplan-Meier estimations for a first and permanent discontinuation are presented in Fig. 5 .
Predictors of discontinuation.
In the Cox regression of factors associated with a first discontinuation, participation in the intervention group was associated with an increased risk and STEMI as inclusion event with a decreased risk. In the second Cox regression model of predictors for permanent discontinuation, both STEMI and participation in the intervention group led to decreased risk. After adjusting for non-proportional hazard, female gender was significantly associated with both first and permanent discontinuation, with a linearly decreasing risk over time until the risk was equalized (1250 days for first discontinuation and 900 days for permanent) ( Table 2) .
Intensity of treatment.
Mean LDL-C at last recorded assessment was 2.00 (SD 0.92) in the intervention group and 2.39 (SD 1.03) in the control group (p < 0.001). LDL-C at last follow-up was not recorded for 6 patients in the intervention group and 5 in the control group due to hypertriglyceridemia where LDL-C could not be calculated.
At the end of follow-up, 337 (69.3%) in the intervention group were treated with a high-intensity LDL-lowering regimen, compared with 211 (44.3%) in the control group (p < 0.001). In addition, 104 patients (21.4%) in the intervention group were also treated with ezetimibe (n = 103) or gemfibrozil (n = 1) and 10 (1.2%) in the control group were treated with ezetimibe (p < 0.001). Types of lipid lowering therapy are presented in Table 3 . 
Discussion
In this study, the rate of adherence to statin treatment was almost 90% after a mean follow-up time of 3.8 years in a community-based ACS population with a nurse-led telephone-based intervention. The rate was significantly higher than in the usual care control group (85%). The most prevalent reasons for permanent discontinuation in the intervention group were non-avoidable causes (advanced disease including dementia), whereas in the control group the most common reasons were avoidable (non-compelling side effects and misunderstanding). In both groups, the most prevalent reasons for a first discontinuation were avoidable (side effects without a compelling relation to treatment, lack of motivation and misunderstanding). The intervention group was more often treated with high-intensity LDL-lowering medication and had significantly lower mean LDL-C than controls at last follow-up. Female sex predicted non-adherence and STEMI predicted increased adherence. Patients in the intervention group had a higher rate of a first discontinuation but a lower rate of a permanent discontinuation.
There is an inconsistency in terminology that makes it hard to compare studies of statin treatment 7 . The International Society for pharmacoeconomics and Outcomes Research (ISPOR) defined adherence as "the extent to which a patient acts in accordance with the prescribed interval and dose of a dosing regimen" and persistence as "the duration of time between from initiation to discontinuation of therapy" 8 . We measured the proportion of patients that were still taking the prescribed statin at end of follow-up. This means that the ISPOR definitions of adherence and persistence are not truly applicable in our study. www.nature.com/scientificreports www.nature.com/scientificreports/ Adherence to statins differs widely between studies and rates of adherence are generally higher in randomized controlled trials than observational studies. Observational studies are perceived to concur better with real-world settings 9 , although this is debated 10 .
In their meta-analysis of statin treatment, Lemestra et al. found adherence rates of 49% in observational studies and 90.3% in controlled trials 11 . In the EUROASPIRE IV study of a cross-sectional European ACS cohort, 85.7% were on lipid lowering medication >6 months after the event 12 . Data on adherence over longer periods are scarce, but Perreault et al. found in a secondary preventive cohort that adherence dropped to 71% during the first 6 months and further to 45% after 3 years 13 . The results in both our study groups were similar to the relatively high first-year adherence rates in the EUROASPIRE IV study and those of clinical trials, but high adherence was maintained during the long term. A high level of statin adherence (>80%) is associated with decreased rates of cardiovascular events, all-cause mortality and reduced health care costs 7, 14, 15 . This effect is further potentiated with longer treatment duration, as well as with as-low-as-possible LDL-C 2, 14 . Individual reasons for non-adherence regarding statin treatment after ACS have been poorly investigated. In meta analyses of adherence, female gender, low education, high-dose treatment, polypharmacy and poor prescriber-patient relationships have been highlighted. In other studies, the doctor's decision to stop treatment was the most prevalent reason for treatment discontinuation, followed by side effects 16, 17 . In the USAGE study, side effects were the primary reason for treatment discontinuation by 62% of patients (17%) 18 . In this study, the single most adequate reason for treatment discontinuation was recorded prospectively. Thus, doctor's decision to stop treatment could be part of the answer, but if additional information was available to provide a more specific cause, the more specific reason was chosen. This may explain why the leading cause of non-adherence in our intervention group was advanced disease compared to previous studies. Subjective side effects were also highly prevalent, as in previously published data 16, 17 . Reported side effects of the statin group are mainly muscle symptoms in 7-29% of patients 19 , but also included rhabdomyolysis, memory impairment, cataracts, renal dysfunction and diabetes 4 . Whether statins are subject to high prevalence of side effects or an unjust nocebo effect, placebo-controlled trials have not been able to show increased levels of side effects 3, 10, 20, 21 . Because muscle pain is widely present in the elderly and atherosclerotic population, it is difficult to verify a true relation to treatment. We required a temporal relationship as well as a distinct regression of symptoms after treatment discontinuation to recognize a side effect compelling. Re-challenge www.nature.com/scientificreports www.nature.com/scientificreports/ of treatment with reappearance of symptoms would provide more definite proof of association, but many patients do not accept such provocation. Instead, we conducted a prospective review of medical records to see whether the symptoms persisted or terminated permanently. Rates of clinically judged statin-related side effects were low in both groups in our material.
About one-fifth of the study population discontinued a first time, more in the intervention group. Re-initiation is a common procedure in observational statin studies, applied to 50-75% of those that discontinue 22, 23 . Unfortunately, re-discontinuation thereafter is relatively common 24 . The reasons for the first event of discontinuation in our study were predominantly avoidable.
As stated above, the proportion of non-avoidable reasons doubled for permanent discontinuation and became the most prevalent argument in the intervention group, with increased adherence as result. This finding emphasizes the need for long-term follow-up to avoid non-adherence. www.nature.com/scientificreports www.nature.com/scientificreports/ In this study, there was a significant difference between men and women regarding discontinuations. In a follow-up study of USAGE to further investigate the reasons for non-adherence, previous users were more likely female, <65 years of age and had fewer cardiovascular co-morbidities then present users 25 . One suggested explanation is that women were more attentive to their health, which may lead to increased concerns about medications and their potential adverse effects 26 . Others claim that it is a result of gender inequality in the design of health care systems and thus should be seen as a modifiable risk factor 27, 28 . STEMI as including event was associated with increased adherence in this study. This has been observed previously and explained by a more frequent use of PCI, treatment at tertiary care centres and lower percentages of women in the STEMI population 29 . Age has previously been identified as a predictor of non-adherence. Patients younger than 50 years of age and especially older than 75 years, have shown lower levels of adherence to statin treatment 30 . In the present study no association was found between age and non-adherence. However, dementia and advanced disease, factors related to older age, were common reasons for discontinuation.
In the USAGE study of a US statin-prescription database, a long and trustworthy patient-prescriber relationship was the most important factor for adherence 18 . Interestingly in the present study, the intervention group showed an initial increased tendency to discontinue treatment, but thereafter increased adherence compared with controls. Our interpretation is that individualised treatment optimization with dose and drug adjustments also increased the awareness and prescriber-patient nocebo effect. However, with continual follow-up, a joint trust and understanding of symptoms and their cause develops. Further, annual scheduled contact works as a reminder during long-term treatment and underscores its importance. Our intervention group also had a larger proportion on potent lipid-lowering medication and a significantly lower mean LDL-C at last follow-up, which indicates a more active treatment regimen. This somewhat contradicts the previous results of reduced adherence with increasing intensity of treatment, or at least that this barrier for adherence is manageable 5 . Even though medication at discharge today to a large extent meet guideline recommendations and adherence is high, the low fulfilment of the LDL-C target is probably attributable to a lack of post-discharge titration of therapy 12 .
Strengths and limitations.
This was a population-based study with minimal exclusion criteria to increase external validity. However, the randomized cohort included those patients that were capable of communicating by phone and shorter commutes, and therefore became to some extent selected. We have not found any studies with a prospective follow-up of adherence during several years in unselected cohorts. Adherence studies are generally based on registries without information regarding actual intake of the medication. Our data relied on patients' self-reporting. A risk with this method is the possibility that patients do not report the correct information. To increase internal validity, we used a combination of interview and lipid data.
Because the study design included interviews of subjects in the non-intervention study arm, we cannot exclude that heightened awareness did not affect control subjects. However, we believe that such an effect would have had a false negative result regarding between-group differences, rather than a false positive result.
conclusion
A nurse-based, long-term follow-up with medical titration by telephone after an ACS resulted in higher adherence to statin treatment compared with usual care, even though a larger proportion of patients were treated with high-intensity LDL-C-lowering regimens, resulting in a lower mean LDL. A certain number of unsubstantiated discontinuations seems unavoidable, but the proportion of avoidable causes for discontinuation was reduced with duration of follow-up. Our study underscores the need for a patient-centred secondary prevention programme that extends for a longer period of time.
Methods
Design. Patient data were obtained from the ongoing NAILED-ACS trial, a single-centre randomised controlled trial to improve secondary prevention after ACS. The trial is nurse-led and telephone-based at a population level. The trial protocol was published previously 31 . Table 3 . Type of lipid-lowering treatment at end of follow-up. High-intensity: lipid-lowering therapy (simvastatin >40 mg, atorvastatin ≥40 mg or rosuvastatin >10 mg); Low/Medium-intensity: not fulfilling the above. www.nature.com/scientificreports www.nature.com/scientificreports/ Trial participants. The Östersund County Hospital is the only secondary caregiver in Jämtland County, Sweden. The catchment area is vast and rural, with a population of 130 000. All patients admitted at Östersund Hospital for ACS between 1 January 2010 and 31 December 2014 were eligible for inclusion, to enable at least 3 years of follow-up (until 31 December 2017). Exclusion criteria were limited to physical or cognitive inability to adhere to a telephone-based design (e.g., aphasia, deafness, dementia, severe disease not indicated for secondary prevention, non-Swedish/English-speaking) or participation in another clinical trial. We defined ACS according to the universal definition of myocardial infarction as acute myocardial infarction (AMI) type 1 or unstable angina (UA) with symptoms and electrocardiographic (ECG) changes indicative of ischaemia 32 . To confirm our screening routine, we performed an initial 3-month chart review which showed that all eligible patients were identified.
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Recruitment and randomization.
Included patients provided written informed consent and were thereafter randomized in a 1:1 manner by a computer-generated allocation sequence in blocks of four, stratified for sex and type of ACS. Randomization resulted in an Intervention group followed up by a study nurse and a Control group with usual care follow-up by a general practitioner (GP). All patients regardless of group allocation were subject to the ordinary ACS routine with ≥2 visits (one nurse and one physician) to the cardiology out-patient clinic.
Data collection. After inclusion, we collected baseline data through patient interview and chart review in-hospital. We recorded present medication, prevalent risk factors, prior cardiovascular history and other co-morbidities.
Baseline was defined as 1 month post-discharge. Prior to contact, blood specimens for LDL-C and blood pressure measurements performed in a standardized manner (sitting, right arm, after 5 minutes rest) were collected at the nearest health care facility and reported to the study nurses. LDL-C was calculated with the Friedwald formula from total serum cholesterol analysed with Cobas 6000 c501 (Roche, Germany). The study nurses contacted all patients at baseline to assess risk factors for secondary prevention (e.g., smoking, diet, sedentary lifestyle and medication adherence). Basis chart for the interview can be found online as Supplementary Table S1 and explanation of variables of interest translated to English in Supplementary Table S2 . Thereafter, follow-up with the same routine was performed annually until the last scheduled follow-up, exclusion, patient withdrawal or death.
Medication adherence. We use the term adherence to refer to patients' self-reported intake of prescribed treatment at each assessment. At each annual interview, patients were asked to verify ongoing medication against the current list of drugs in the medical record. Ongoing lipid-lowering medication was also related to current blood lipid values. If any uncertainty remained, a more specific discussion about ongoing medication took place. If changes in medication had been made outside the study, the new dose and drug were recorded. If treatment had been modified or discontinued, the date and reason thereof were recorded. If required, we collected additional information on adherence from the joint medical record of in-hospital and primary care. All statin discontinuation events were recorded.
We classified the following reasons for treatment discontinuation: lack of motivation, side effect with a compelling relation to medication, side effect without a compelling relation to medication, intervention by another doctor, advanced disease, dementia, misunderstanding by patient and cost related. A compelling side effect was defined as for statins reported side effects which were clearly associated with start of treatment and with a distinct improvement after discontinuation of medication. Treatment-related pathological blood tests regarding liver function [aspartate aminotransferase (ASAT), alanine aminotransferase (ALAT), alkaline phosphatase (ALP), bilirubin] or muscles (CK) were also considered compelling side effects. A non-compelling side effect did not fulfil these criteria. Advanced disease, dementia and compelling side effects were considered non-avoidable reasons for treatment discontinuation. The others were classified as potentially avoidable by the health care system or by patient-and/or doctor-related factors. We considered statin treatment a "high-intensity LDL-C lowering regime" if it had the potential to reduce LDL-C by >50% (atorvastatin 40-80 mg, rosuvastatin >10 g, simvastatin >40 mg) 2 
.
Intervention and follow-up. Intervention. The study nurse guided patients in a discussion of lifestyle risk factors at each interview. Depending on the outcome of blood lipid and blood pressure measurements, the nurse and a joint study physician made personalised medication adjustments to reach set targets. These adjustments were then re-assessed after 4 weeks, and further adjustments were made if needed until set targets were attained or deemed unachievable.
Control. At each interview the same assessments of risk factors and treatment were made, but there was no counselling in lifestyle management. We forwarded the test results of blood specimens and blood pressure to each patient's GP. If more pressing conditions were discovered (e.g., diabetes), the patient's GP was addressed directly.
Outcomes. This study primarily aimed to measure adherence and specify reasons for both first and permanent discontinuation of statins in both intervention and control groups. We also aimed to identify predictors for non-adherence. Because intensity of treatment is known to correlate with side effects, we report mean LDL-C at last follow-up as well as intensity of statin therapy. As we aimed to specifically measure adherence to statin therapy, those who were only treated with another class of anti-lipid therapy (e.g., ezetimibe) were treated as non-statin users.
